Summary Previous work has shown that patients with vertebral fractures do less physical activity. However, the association between vertebral fracture and different components of physical activity is unclear. Our results suggest that vertebral fracture (VF) is associated with a reduction in activities involving bending, ambulation, and daily living, regardless of age. Introduction The aim of this study was to determine whether osteoporotic VF is associated with reduced self-reported everyday routine physical activity and/or ability (PAA). Methods A comprehensive search was undertaken using the databases of PubMed, Embase, Medline, Web of Science, and the Bgrey^literature from 1950 to the end of July 2016. Standardised search terms for VF and PAAs were used. Four categories of PAA were included: (1) bending ability, (2) ambulatory activities, (3) reaching arms above shoulder level, and (4) activities of daily living (ADLs). Strict inclusion and exclusion criteria were used, and only studies that adjusted for age were included. For the meta-analysis, pooled OR and 95% confidence interval (CI) were calculated using a randomeffects model. Results Eleven studies in total were identified which had investigated the associations between the prevalent VF and the selected PAAs and expressed these as ORs or RR. Women (six studies) with VF had a 64% increase in difficulty forward bending compared to those without VF. Women (nine studies) with VF had a 27% increase in difficulty doing ambulatory activities, while no association was observed for men (four studies). Women also have 73% (five studies), 127% (three studies), and 100% (four studies) increase in difficulty reaching arms above shoulder, shopping, and preparing meals, respectively. Conclusion Studies consistently show women with VF have reduced everyday activities, while much less research has been carried out in men. This information may be useful when designing interventions to improve physical function in people with osteoporotic VFs.
Introduction
Vertebral fracture (VF) is the most common type of osteoporotic fracture that occurs in the older population. VFs have a major health impact and are associated with substantial morbidity, a loss of quality of life [1] , and even mortality [2] . The prevalence of VF increases exponentially with age and is more common in women [3] . It is estimated that approximately 120,000 new VFs occur each year in the UK [4] .
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Physical activity and/or ability (PAA) in patients with VF is of increasing interest, but relevant studies have yielded conflicting and unclear results. From a recent systematic review and meta-analysis of 16 observational studies by our group [1] , we demonstrate a clear association between VF and reduced general physical health status as assessed by the physical components of generic health-related quality of life (HRQoL) questionnaires, even after accounting for age and pain. Further understanding of exactly what PAA is impaired in people with VF would allow the development of appropriate interventions to improve quality of life.
In accordance with the World Health Organization (WHO), physical activity is defined as any bodily movement produced by skeletal muscles that requires energy expenditure [5] . These movements can be measured either subjectively (selfcompletion questionnaire) or objectively by specific tests. This broad definition means there are a multitude of methods of recording data on PAA used in the literature, making any comprehensive evidence synthesis difficult. However, evidence from many surveys of what is necessary for a good quality of life when older (successful ageing) identifies the ability to engage in hobbies and leisure activities [6] , having good mobility [6, 7] , and being able to carry out activities of daily living (ADLs) [7] as very important. For this reason, to identify which specific components of physical HRQoL are reduced in people with VF, focussing attention on PAA such as ADLs including the ability to prepare meals and do shopping, as well as specific components of PAA necessary for many hobbies and leisure activities including the ability to bend, the ability to move arms, and the ability to carry out ambulatory activities is important.
The current literature on the association between VF and these specific components of PAA is contradictory with some studies showing no associations [8, 9] , while others show associations between the presence of VF and difficulty doing types of PAA [10] . Potential explanations for these contradictory results include lack of adjustment for age and pain (as those with VF are more likely to be older and have pain and both of these have impact on PAA). Very few studies have looked at men and women separately, and this is important because gender is one of the most important factors influencing PAA [11] . Finally, as far as we can see, there has been no systematic review or evidence synthesis to summarise the literature for clinicians interested in improving HRQoL in people with VF.
Therefore, the aims of this study are to provide an up-todate synthesis of the literature in order (1) to determine whether VF is associated with reduced everyday routine PAA, (2) to estimate the size of any association observed to identify if there is a single most important target for management, and (3) to investigate whether there are any gender differences in impacts of VF on components of PAA to identify if any management can be targeted to specific groups.
Methods
This systematic review was based upon the recommendations in the PRISMA checklist [12] -see Appendix 3. The protocol has not been registered.
Inclusion criteria
All studies that estimated the association between VFs and bending or ambulatory components of PAA in men and women aged ≥ 50 years were included. All studies were required to have extractable information about physical components measured by either self-report or specific instrument.
Exclusion criteria
Articles were excluded if (1) data on men and/or women aged ≥ 50 years could not be extracted (for example, studies were classified with unextractable data if the data for physical activities was given as a single domain without specific information about each component of activity), (2) there was no control group without VF, (3) if insufficient data was available and no more information was provided after contact the authors, (4) they were not published in English, (5) there was no adjustment for the confounding effect of age between cases and controls, or (6) if the physical activity data did not include information on components of physical activity, only measures of frailty.
Search strategy and data extraction
A systematic strategy was conducted to search electronic databases and identify published work using both medical subject headings (MeSH) and free-text words. In addition to the computerised searching, related print journals were hand searched, and citation lists of relevant studies were reviewed.
The search was carried out from 1950 to the end of July 2016 and used all available dates up to the search time. The databases searched were PubMed, Embase, Medline, Web of Science and the Cochrane Library as well as the Bgrey^literature by searching the Grey Literature Report, Open Grey, and Google Scholar websites. We used the following terms to identify fracture: vertebral fracture, osteoporotic fracture, fragility fracture, and spinal fracture. PAA was divided into two main groups: (1) specific components of PAA such as bending, lifting, doing ambulatory activities, walking, running, stairs, and raising arms above the shoulder level and (2) composite ADLs such as preparing meals, getting dressed, washing, shopping, cleaning, and gardening. By focussing our evidence synthesis on ADLs and specific components of PAA, we hoped to capture important PAA necessary for successful ageing as described in the BIntroduction^. The following general physical activity search terms were used: physical activity, muscle strength, and exercise. For specific PAA, we used the following search terms: bending, lifting, putting on socks or stockings, getting in or out of a car, walking, rambling, country walking, running, and stairs. For the ADLs, we used the following search terms: activities of daily living (ADLs), exercise, self-care, meals, dressed or dressing, feeding, washing, shopping, cleaning, and gardening. The search for appropriate studies was conducted by the first author (UA). Data extraction was performed independently (blinded to each other's results) by two authors (UA and EC), and inconsistencies were resolved by discussion with all authors. Extracted data included the following: study design, participant characteristics and setting, VF case definition, PAA outcomes, and the number, severity, and time of VF if available.
Assessment of methodological quality
As there is no standard quality scale that incorporates all the important criteria for studies assessing the association between VF and PAA, we identified relevant indicators from the literature, along with the quality assessment methodology of a previous systematic review of vertebral fractures and physical health-related quality of life [1] . These quality indicators were the following: (1) Objectively stated definition of VF, (2) Application of the same method of ascertainment for cases and controls (inclusion, exclusion, and study design), (3) Selection of controls from the same population (setting), (4) Clearly stated inclusion criteria and exclusion criteria, (5) Clearly stated time between onset of VF and measurement of PAA, and (6) Adjusted association between VF and PAA for back pain. We used these criteria to produce an overall quality score, a study considered to be with high quality if it scored 5 or more out of 6, moderate if it scored 3 or 4 out of 6, and low quality if it scored 1 or 2 out of 6.
Statistical analysis
The meta-analysis was conducted using the Stata vs13 software applying the Bmetan^and Bfunnel^commands. Odds ratio (OR) and the corresponding 95% confidence intervals (CIs) were used as a measured summary of association across studies. Following Cornfield's rare disease assumption [13] , hazard ratios, risk ratios, and odds ratios were assumed to approximate the same measure of OR. As only one study reported RR, analyses were rerun after excluding this study, but results were not changed (analysis not shown). The Z-test was used for assessing the significance of the pooled OR, with P < 0.05 considered statistically significant. For studies that reported dose-response results (e.g. one and two or more VFs, or moderate and severe VF), we used the log odds ratio to calculate the total odds ratio [14] . For analysis that included five or more studies to check for publication bias, a funnel plot was drawn [15] , while heterogeneity among the studies (I 2 statistic) was tested using a random-effects model for selfreported outcomes, assuming that the true effect could vary from one study to another study [16] . Moreover, a one-way sensitivity analysis was performed by omitting one study at a time to evaluate the impact of individual studies on the overall results. For the association between VF and both problems with other activities that include forward bending and doing ambulatory activities in women, only the subgroup's effect was calculated to avoid duplication of data (see Figs. 2 
and 3).

Results
Description of studies identified
Six thousand one hundred studies were identified, and 6064 studies with irrelevant titles and/or abstracts were excluded in the first exclusion stage (see Fig. 1 ). Thirty-seven full-text papers were retrieved in the second stage (final stage); of these, 26 were excluded-see Appendix 2. Eleven studies were identified that fulfilled the inclusion and exclusion criteria [9, 10, [17] [18] [19] [20] [21] [22] [23] [24] [25] with a total of 21,562 men and women (2713 with VF and 18,849 without VF). There were three prospective studies [9, 19, 20] , seven cross-sectional studies [10, 17, 18, [22] [23] [24] [25] , and one case-control study [21] . The characteristics of the included studies are shown in Table 1 . The number of participants with VF in each study ranged from 23 [18] to 1689 [23] , while the number of controls without VF ranged from 163 [21] to 12,554 [23] .
Study quality
Overall, the quality of the identified studies was moderate to high. One study met all our qualitative study quality criteria with a total score of 9 out of 9-see Appendix 1 [19] . Two studies scored 5 out of the total score were both did not adjust for back pain [9, 20] . Eight studies scored 4; seven of them did not report time since the last VF and did not adjust for back pain [10, 17, [21] [22] [23] [24] [25] , and one study did not objectively define VF and did not adjust for back pain [18] .
Publication bias and one-way sensitivity analysis
There was no evidence of publication bias for problems with forward bending, putting on socks or stockings, and difficulty reaching or extending arms above shoulder level for women. Moreover, one-way sensitive analysis revealed no changes from the reported results apart from one sub-analysis when assessing getting in or out of a car, which omitted the study of Huang et al. resulting in null results (see Fig. 2b ).
The association between VF and specific components of PAA Bending-related activities Six studies were identified which had investigated the associations between prevalent VF and self-reported bending-related activities (bending, getting in or out car, putting on socks or stockings, lifting a 5-kg object from the floor) with a total number of 6361 participants, 5602 without VF and 759 with at least one VF [9, 10, [17] [18] [19] [20] . There was an association between the presence of VF and reduced bending activities for both women and men. For example, from our meta-analysis, women with VF were 64% more likely to have difficulty with forward bending than women without VF (OR for reduced bending ability of 1.64, 95% CI 1.32 to 2.04, P < 0.001); for men, there was only one study which had investigated the association between VF and forward bending (OR 2.51, 95% CI 1.15 to 5.47, P = 0.013) [17] (see Fig. 2a ). The presence of VF was also associated with difficulty with other bending activities such as getting in or out of a car (61% more likely in those with VF) or lifting a 5-kg object from the floor (95% more likely) in women, but not for putting on socks or stockings (see Fig. 2b ). No studies assessed the association between VF and getting in or out of a car, lifting, or putting on socks in men. Regarding the heterogeneity between the studies and as shown in Fig. 2 , there was no significant heterogeneity observed in most the pooled analysis; however, a moderate heterogeneity was observed only for putting on socks or stockings subgroup (I 2 = 62.00%). Two studies found a positive dose-response association between the number of VF and difficulty in bending [10, 19] , while in one study, there was no association seen [17] .
Jinbayashi et al. reported that two or more VFs were associated with difficulty in forward bending and lifting a 5-kg object from the floor [9] , whereas a single VF was not. The study by Huang et al. suggested it was recent VFs that impacted on PAA rather than VFs occurring more than 5 years ago, as there was a positive dose-response relationship between the number of recent VFs in the past 4.3 years and difficulty bending, but no relationship was seen between the number of older VFs and difficulty bending [19] . The association between severity of VF and difficulty bending was examined in one study which looked at men: Severe fractures identified by Burger et al. were associated with decreased bending, but moderate fractures were not [17] .
Adding back pain as another potential confounder as age, we were unable to develop further subgroup analysis to adjust for this potential confounder as there was only one study that adjusted the result for back pain [19] .
Ambulatory activities Eleven studies were identified which had investigated the associations between VF and selfreported ambulatory activities (walking two or three blocks on a level surface, difficulty standing or walking for 2 h, cycling or walking for more than 30 min per day, using a walking aid, climbing 10 steps without stopping, and walking down 10 steps).
The total number of 21,562 participants, 2713 (958 men) with at least one VF and 18,849 (6764 men) without [9, 10, [17] [18] [19] [20] [21] [22] [23] [24] [25] , was included. There was an overall association between the presence of VF and difficulty doing most ambulatory activities for women, but not for men (OR 1.09, 95% CI No adjustment for confounding by age= 9
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Grey Literature n= 22 Fig. 1 Flow diagram based on PRISMA recommendations illustrating the identification and selection of articles for review 0.91 to 1.32, P = 0.346) (see Fig. 3a, b) . For women, there was a positive association between the presence of VF and difficulty carrying out all ambulatory activities identified in the literature including walking two or three blocks on a level surface, difficulty cycling or walking for more than 30 min per day, difficulty climbing 10 steps without stopping, and difficulty walking down 10 steps. Regarding the heterogeneity between the studies and as shown in (Fig. 3) , there was no significant heterogeneity observed in most the pooled analysis; however, a moderate heterogeneity was observed for walking down 10 steps subgroup analysis (I 2 = 56.80%). A dose-response relationship between the number of VF and difficulty carrying out ambulatory activities was investigated in four studies [10, 17, 19, 24] . In the study by Jinbayashi et al., women with two or more VF had a 180% increase in difficulty climbing 10 steps without stopping compared to those without VF, even after controlling for age, while no association was found for those with one VF compared with those without fracture [10] . Another study by Huang et al. found a positive dose-response relationship between the number of recent VFs (in the past 4.3 years) and difficulty walking greater than or equal to two blocks on a level surface, climbing 10 steps without stopping, and walking down 10 steps but no relationship between the number of older VFs and these activities [19] , while in one study from the Netherlands, no consistent relationship between the number of VF and the use of a walking aids was found [17] . In men, those with three or more VFs had a 190% reduction in walking duration compared to men without VF, whereas no difference was seen in walking duration between men with two or fewer VFs and those without VFs [24] .
Regarding the severity of VF, only three studies investigated this in relation to ambulatory activities, and no overall conclusions can be drawn. In two studies, neither moderate nor severe VF was associated with difficulty doing activities [21, 25] , while in one study by Burger and colleagues, only severe VF was associated with the use of walking aids [17] .
Reaching or extending arms above shoulder level Five population-based studies were identified which had investigated the associations between prevalent VF and selfreported difficulty reaching or extending arms above shoulder level with a total number of 4861 participants, 4305 without VF and 556 with at least one VF [9, 10, [18] [19] [20] . Our metaanalysis revealed an association between the presence of VF and difficulty raising arms above shoulder level (OR 1.73, 95% CI 1.37 to 2.18, P < 0.001) (see Fig. 4 ). All these studies recruited only women, and no data was found for men. A dose-response relationship between the number of VF and difficulty reaching or extending arms above shoulder level was investigated in one study, and multiple but no single VFs had a 170% increase in difficulty reaching an object above the head level after adjusting for age [10] . Regarding the heterogeneity between the studies and as shown in (Fig. 4) , there was no statistical evidence for the difference between the studies (I 2 = 0.00%).
The association between VF and composite ADLs
Studies were found and pooled that assessed the association between VF and self-reported difficulty preparing meals or shopping. Other studies either reported the total score of composite measures of ADLs [26] [27] [28] , or data was insufficient to add in the systematic review [29, 30] .
Shopping Three population-based studies were identified which had investigated the associations between prevalent VF and difficulty shopping for groceries or clothes [10, 18, 19] . Meta-analysis revealed an association between the presence of VF and difficulty doing this activity (OR 2.27, 95% CI 1.43 to 3.62, P = 0.001), and there was no statistical evidence for the difference between the studies (I 2 = 14.80%) (see Fig. 5a ).
Preparing meals Four population-based studies were identified which had investigated the associations between prevalent VF and difficulty preparing meals [10, 18, 19, 22] , with a total number of 2565 women (2351 without VF and 214 with). In our meta-analysis, women with VF had more difficulty preparing meals compared to those without VF (OR 2.00, 95% CI 1.31 to 3.06, P = 0.001), and there was no statistical evidence for the difference between the studies (I 2 = 23.60%) (see Fig. 5b ).
Discussion
We present the results from the first systematic review and meta-analysis to assess the association between VF and selfreported components of PAA. Our results show that the presence of a VF in older people has wide-ranging effects on PAA including reducing their ability to get in or out of a car, lift objects from the floor, walk two or three blocks, climb up or down steps, reach or extend their arms above shoulder level, prepare meals, and do shopping. This has important implications for directing interventions aimed at improving physical HRQoL in older people with VF. Our results also highlight a lack of studies in men and the need for future studies to include measures of pain. A previous systematic review and meta-analysis published by our group has shown that patients with osteoporotic VF have worse general physical HRQoL measured by generic instruments compared to age-matched osteoporotic patients without VF. [1] We extend these findings by showing which specific physical components are affected by the presence of VF. Furthermore, the strongest size of effect was seen for the association between VF and difficulty climbing steps and difficulty shopping, suggesting that these could be useful targets for interventions such as physiotherapy or occupational therapy. Alternatively, they could be useful outcome measures to assess the effectiveness of any intervention aimed at improving physical ability in older people with VF.
One of our aims was to assess the impact of VF on PAA separately in women and men, but it was not possible to do this in a comprehensive manner due to lack of studies that included men. Only one study investigated the association between the presence of VF and forward bending in men, and only four studies investigated ambulatory activities. Our results suggest men with VF have less difficulty walking than women with VF, although this requires further evaluation. One explanation for this result may be difference in pain, frailty, or underlying cause of VF (men more likely to have traumatic VF than women) [31] .
In addition, a lack of studies that assessed back pain meant we could not fully explore whether pain was a potential explanation for the association between VF and the reduced PAA identified. From the 11 included papers in this study, only one adjusted for the presence of pain: Huang et al. [19] found that severity or duration of back pain in the previous year did not fully account for diminution in self-reported physical activities. This is an important limitation in the available studies, as back pain is an important clinical feature of VF [32] which, along with the fracture itself, can additionally reduce spinal mobility leading to muscle weakness which is likely to reduce PAA further.
The methodological quality of the studies included in this review was variable but, generally, of moderate to high quality. Nonetheless, there is still the potential for bias and confounding, as all the studies were observational. However, our study design has ensured only data adjusted for age was included. Unclear reporting of the time between the occurrence of the VF and assessment of physical activities in seven studies may have introduced bias and would tend to move the observed association closer to the null. The majority of our studies were cross sectional in design, and this may have introduced bias through recruitment strategies which may affect generalisability.
There are limitations to our study. Due to manpower constraints, the selection of studies was performed by one reviewer; however, data extraction was performed by two independent reviewers, as proposed by PRISMA. Another limitation is the choice of activities to include under PAA. We made a pragmatic decision to search for specific components of PAA plus composite ADLs because we were interested in the everyday physical activities that were affected by the presence of VF, and that could potentially be targeted by interventions to improve physical health-related quality of life. This meant we excluded studies that used objective measures of physical functioning such as muscle strength and studies that used objective measures of frailty such as Bget-up-and-go^tests.
In conclusion, we present the results of the first metaanalysis of specific components of physical activities and ADLs in patients with and without VF and show that there are particular difficulties with climbing steps and shopping. This has important implications for targeting of interventions to improve these activities and, in turn, physical quality of life, for example, and our results suggest that physiotherapy packages should include exercise that improve forward bending and bending-related activities, walking, climbing stairs, and reaching/extending arms above shoulder level. Due to similar effect sizes seen across the meta-analyses, it is not possible to identify any single most important target for intervention. Our results demonstrate that VF can cause physical limitations regardless of age. In addition, we highlight an important area for future research: back pain must be accounted for as a potential confounder, and men are understudied.
